Abstract-The axial light distributions in parallel-plate dc microdischarges in argon show similar behavior to large-scale discharges. Between the low-current Townsend mode and the high-current glow mode exists a large region of currents where different oscillations appear and the dynamic volt-ampere characteristic shows hysteresis behavior. During the oscillations, the maximum peak intensity moves closer to the cathode, which is characteristic for the abnormal glow regime even though the average current is considerably smaller.
M
ICRODISCHARGES have become the focus of research recently [1] , [2] . However, only a few studies with parallel-plate microdischarges have been made [3] . To check for similarities and breakdown conditions in the microdischarges, Townsend's theory, Paschen's law, and voltampere (V -A) characteristics could be used [4] . Additionally, axial and radial light emission profiles of microdischarges are essential in order to understand the behavior of discharges in transient regimes [5] .
In this paper, we analyze the axial emission profiles of a 1-mm discharge gap recorded by an ICCD camera in a parallelplate dc microdischarge with 8-mm electrode diameter. The discharge was operated in continuous flow of argon to minimize the influence of impurities on the discharge condition. The pd (p is pressure and d is electrode distance) was kept at 1 torr × cm (p = 10 torr and d = 1 mm), which is the value corresponding to the Paschen minimum for argon. The highvoltage (HV) pulse (amplitude from volts to 2 kV and duration of less than a few milliseconds) was applied on the electrode plates by using loading resistance. The pulsing technique was already used to avoid changes on the electrode surfaces exposed to high-current densities (for detailed description, see [4] ). By using different HV pulses and loading resistances, we were able to stroke the discharge and keep it running in different current modes: low-current diffuse (Townsend), subnormal glow (selfpulsing regime), and normal and abnormal glows. In Fig. 1 , the stars show a static V -A characteristic of the microdischarge, where the discharge operates under steady-state conditions. Between the low-and high-current regions exists a large gap where current oscillations (self-pulsing) occur, which is represented by characteristic hysteresis. In the following, we distinguish between two types of oscillations: 1) During relaxation oscillations (label 1), the current develops from almost zero to high currents (several hundreds of microamperes), and 2) during free running oscillations (labels 2 and 3), the current oscillates around a high current value (several hundreds of microamperes). Dynamic V -A characteristics describe discharge oscillations: The discharge current starts from a low-current regime, runs through the upper branch to the maximum current value, and turns again to the low current. The characteristics during oscillations have circular shapes superimposed with large fluctuations for low currents. radial emission profile is symmetric and has a shape of a Bessel function. In the glow regime [ Fig. 2(b) ], a peak forms far from the anode, marking the formation of the cathode fall. The discharge is constricted and moved to the electrode edge, which is characteristic of the normal glow. By current increase, the discharge switches to the abnormal glow and occupies the whole electrode surface again, and the maximum emission moves further to the cathode [ Fig. 2(c) ].
The time-integrated 2-D emission profiles of current oscillations for different voltage pulses are presented in the lower row in Fig. 2 . Surprisingly, the width of the cathode fall during transients (1)-(3) is smaller than that in the normal glow under steady-state conditions [ Fig. 2(b) ] and similar to that under the steady-state conditions of the abnormal glow [ Fig. 2(c) ]. The radial profile is broadened and more symmetric, which may be expected only for higher current abnormal glow operation.
